. Fungal metabolites, their hemisynthetic derivatives and biological activities.
Name and Number Class of Natural Compounds Systematic Name Source Activity Ref. Sphaeropsidins A (1) pimarane diterpene (2R,4aR,4bR,8aS,9S)-4a,9-dihydroxy-2,8,8-trimethyl-2-vinyl-4,4a,5,6,7,8,8a ,9-octahydro-2H-9,4b-(epoxymethano)phenanthrene-10,12(3H)-dione Diplodia spp.
antimycotic; anticancer; antibacterial; insecticidal [38,39,41-44, 63,78] Sphaeropsidins B (2) pimarane diterpene (2R,4aR,4bR,8aS,9S,10R)-4a,9,10-trihydroxy-2,8,8-trimethyl-2-vinyl-3,4,4a,5,6,7,8,8a,9,10-decahydro-2H-9,4b-(epoxymethano) phenanthren-12-one Diplodia cupressi antimycotic; phytotoxic; insecticidal [44, 78] Sphaeropsidins C (3) pimarane diterpene (4aR,4bR,7R,10aS)-4b-hydroxy-1, 1,7-trimethyl-9-oxo-7-vinyl-1,2,3,4,4a,4b,5,6,7,9 ,10,10a-dodecahydrophenanthrene-4a-carboxylic acid
D. cupressi
antimycotic; phytotoxic [44] Sphaeropsidins D (4) pimarane diterpene (2R,4R,4aR,4bR,8aS,9S)-4,4a,9-trihydroxy-2,8,8-trimethyl-2-vinyl-4,4a,5,6,7,8,8a ,9-octahydro-2H-9,4b-(epoxymethano)phenanthrene-10,12(3H)-dione
Phytotoxic [44] Sphaeropsidins E (5) pimarane diterpene (4R,4aR,4bR,7R,9S,10R,10aS)-1, 1,4a,7-tetramethyl-7-vinyl-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthrene-4,4b,9,10-tetraol D. cupressi [44] Sphaeropsidins F (6) pimarane diterpene (1S,2R,4S,4bS,8aS,10R)-1, 2,4b,8,8-pentamethyl-2-vinyl-1,2,3,4,4b,5,6,7,8,8a,9,10-dodecahydrophenanthrene-4,10-diol D. cupressi [44] Sphaeropsidone ( 
D. cupressi Diplodia africana
antioomycetes; phytotoxic [45, 100] Compound (9) cyclohexanone (4S,6S)-6-chloro-4,5-dihydroxy-3-methoxycyclohex-2-enone D. cupressi [45, 100] Compound (10) cyclohexanone (4S,6R)-6-chloro-4,5-dihydroxy-3-methoxycyclohex-2-enone D. cupressi [45, 100] Compound (11) pimarane diterpene (2R,4aR,4bR,8aS,9S)-4a-hydroxy-2, 8,8-trimethyl-10,12-dioxo-2-vinyl-3,4,4a,5,6,7,8,8a,9,10-decahydro-2H-9,4b-(epoxymethano) phenanthren-9-yl acetate hemisynthesized from 1 for SAR studies phytotoxic; antimycotic [44, 63, 78] Compound (12) pimarane diterpene (2R,4bR,8aS,9S)-2,8,8-trimethyl-10,12-dioxo-2-vinyl-2,3,4,5,6,7,8,8a,9,10-decahydro-1H-9,4b-(epoxymethano) phenanthrene-1,9-diyl diacetate hemisynthesized from 1 for SAR studies [44, 63] Compound (13) pimarane diterpene (2S,4aR,4bR,8aS,9S)-2-ethyl-4a,9-dihydroxy-2,8,8-trimethyl-4,4a,5,6,7,8,8a,9-octahydro-2H-9,4b-(epoxymethano) phenanthrene-10,12(3H)-dione hemisynthesized from 1 for SAR studies [44, 63] Compound (14) pimarane diterpene (3R,3aS,4aR,6aS,10aR,10bR)-methyl 10b-hydroxy-3,7,7-trimethyl-5,6-dioxo-3-vinyltetradecahydrocyclopropa[j] phenanthrene-10a-hemisynthesized from 1 for SAR studies [44, 63, 78] carboxylate Compound (15) pimarane diterpene (1R,3a'S,4R,7a'R)-2-formyl-4,4 ', 4', 5', 6', 7', ene-1,1'-isobenzofuran]-7a'-carboxylic acid hemisynthesized from 2 for SAR studies [44, 63] Compound (16) pimarane diterpene (4aR,4bR,7R,9S,10aS)-4b,9-dihydroxy-1,1,7-trimethyl-7-vinyl-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthrene-4a- trimethyl-9-oxo-7-vinyl-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthrene-4a- -benzyl-6,14-dihydroxy-4,10-dimethyl-5-methylene-3,3a,4,5,6,6a,9,10,11,12,13,14,15,16- 
Deoxaphomin (42) cytochalasan (3S,4S,6S,7E,10R,14R,15E,17aR)-3-benzyl-6-hydroxy-4,10,14-trimethyl-5-methylene-3,3a, 4,5,6,6a,9,10,11,12,13,14- 
Cytochalasins A (43) cytochalasan (3S,4S,6S,7E,10R,15E,18aS)-3-benzyl-6-hydroxy-4, 10-dimethyl-5-methylene-3,3a,4,5,6,6a,10,11,12,13-decahydro-1H-[1] -benzyl-6,14-dihydroxy-4,10-dimethyl-5-methylene-3,3a,4,5,6,6a,9,10,11,12,13,14- 17-dioxo-2,3,3a,4,5,6,6a,9,10,11,12,13,14,17-tetradecahydro-1H-[1] -benzyl-6,14-dihydroxy-4,10-dimethyl-5-methylene-3,3a,4,5,6,6a,9,10,11,12,13,14,15,16-tetradecahydro-1H-[1] oxacyclotetradecino [2,3-d] -benzyl-4,10-dimethyl-5-methylene-1,14,17-trioxo-2,3,3a,4,5,6,6a,9,10,11,12,13,14,17- -benzyl-6,12-dihydroxy-4,5,10,12-tetramethyl-1,11-dioxo-2,3,3a,6,6a,9,10,11,12,15- -benzyl-6,12-dihydroxy-4,5,10,12-tetramethyl-1,11-dioxo-2,3,3a,6,6a,9,10,11,12,15- 
Cytochalasins E (50) cytochalasan (1E,4S,6R,7E,11aS,14S,15S,15aR,16aS)-14-benzyl-6-hydroxy-4,6,15,15a-tetramethyl-3,4,14,14a,15,15a,16a,16b-octahydro-[1,3] -benzyl-6,12,15-trihydroxy-4,5,10,12-tetramethyl-2,3,3a,6,6a,9,10,11,12,15- 
12β-Hydroxy-13α-methoxyverruculogen TR-2 (53) indole diketopiperazine alkaloid (5aS,6S,12S,14aS)-5a-hydroxy-12-(3-hydroxy-3-methylbutyl)-6,9-dimethoxy-1,2,3,5a,6,14a-
Aspergillus fumigatus LN-4
[52]
3-Hydroxyfumiquinazoline A (54)
Cyclotryprostatins A (56) indole diketopiperazine alkaloid (5aS,6S,12S,14aS)-5a,6-dihydroxy-9-methoxy-12-(3-methylbut-2-en-1-yl)-1,2,3,5a,6,14a-
Cyclotryprostatins B (57) indole diketopiperazine alkaloid (5aS,6S,12S,14aS)-5a-hydroxy-6,9-dimethoxy-12-(3-methylbut-2-en-1-yl)-1,2,3,5a,6,14a-
12β-Hydroxyverruculogen TR-2 (59) indole diketopiperazine alkaloid (5aS,6S,12S,14aS)-5a,6-dihydroxy-12-(3-hydroxy-3-methylbutyl)-9-methoxy-1,2,3,5a,6,14a- 15-dimethyl6b,7,8,15-tetrahydro-2a,8a,14,15a,16-pentaaza-8,15-ethanobenzo[4',5'] pentaleno [1',6':4,5,6] 
Fusapyrone (66) substituted pyrone 3-((2R,3R,4R,6R)-3,4-dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)-4-hydroxy-6-((4E,6E,9Z)-3-hydroxy-8-(hydroxymethyl)-2,6,10,12-tetramethyloctadeca-4,6,9-trien-2-yl)-2H-pyran-2-one Fusarium semitectum antifungal [53, 54] Deoxyfusapyrone (67) substituted pyrone 3-((2S,6S)-6-methyltetrahydro-2H-pyran-2-yl)-6-((4E,6E,9Z)-2,6,8,10,12-pentamethyloctadeca-4,6,9-trien-2-yl)-2H-pyran-2-one hemisynthesized from 66 for SAR studies high zootoxicity [53, 54] Compound (68) substituted pyrone
substituted pyrone 4-acetyl-6-((4E,6E,9Z)-3-acetyl-2,6,8,10,12-pentamethyloctadeca-4,6,9-trien-2-yl)-3-((2S,4R,6R)-4-acetyl-6-(2-oxopropyl)tetrahydro-2H-pyran-2-yl)-2H-pyran-2-one hemisynthesized from 67 for SAR studies
Compound (71) substituted pyrone (2R,3R,4R,6R)-2-(6-((4E,6E,9Z)-3-acetoxy-8-(acetoxymethyl)-2,6,10,12-tetramethyloctadeca-4,6,9-trien-2-yl)-2-methoxy-4-oxo-4H-pyran-3-yl)-6-(acetoxymethyl)tetrahydro-2H-pyran-3,4-diyl diacetate hemisynthesized from 66 for SAR studies
Compound (72) substituted pyrone 3-((2S,6S)-6-ethyltetrahydro-2H-pyran-2-yl)-4-hydroxy-6-((4E,6E,9Z)-8-(hydroxymethyl)-2,6,10,12-tetramethyloctadeca-4,6,9-trien-2-yl)-2H-pyran-2-one hemisynthesized from 66 for SAR studies weak activity against B. cinerea
Compound (73) substituted pyrone 4-hydroxy-6-((4E,6E,9Z)-3-hydroxy-8-(hydroxymethyl)-2,6,10,12-tetramethyloctadeca-4,6,9-trien-2-yl)-3-(2-hydroxyethyl)-2H-pyran-2-one hemisynthesized from 66 for SAR studies
Compound (74) substituted pyrone 3-((2R,3R,4R,6R)-3,4-dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)-4-hydroxy-6-((Z)-3-hydroxy-8-(hydroxymethyl)-2,6,10,12-tetramethyloctadec-9-en-2-yl)-2H-pyran-2-one hemisynthesized from 66 for SAR studies weak activity against B. cinerea
Compound (75) substituted pyrone 3-((2R,3R,4R,6R)-3,4-dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)-4-hydroxy-6-(3-hydroxy-8-(hydroxymethyl)-2,6,10,12-tetramethyloctadecan-2-yl)-2H-pyran-2-one hemisynthesized from 66 for SAR studies weak activity against B. cinerea 13-dihydroxy3a,6,10,14-tetramethyl-3-oxo-3,3a,4,7,8,11,12,13,16,16a-decahydrocyclopenta[15] -3a,6,10,14-tetramethyl-3-oxo-3,3a,4,7,8,11,12,13,16,16a-decahydrocyclopenta[15] annulen-1-yl)propyl acetate hemisynthesized from 78 for SAR studies 13-dihydroxy-3a,6,10,14-tetramethyl-3-oxo-3,3a,4,5,6,7,8,9,10,11,12,13,14,15,16,16a-hexadecahydrocyclopenta[15] annulen-1-yl)propyl acetate hemisynthesized from 78 for SAR studies
[59]
Compound (83) macrocyclic compound (S)-2-((3aS,5E,9Z,13R,14E,16aR)-2-((1-(4-bromophenoxy)vinyl)oxy)-13-hydroxy-3a, 6,10,14-tetramethyl-3-oxo-3,3a,4,7,8,11,12,13,16,16a-decahydrocyclopenta[15] annulen-1-yl)propyl acetate hemisynthesized from 78 for SAR studies Compound (85) macrocyclic compound (3aR,7R,16aS)-2,7-dihydroxy-3-((S)-1-hydroxypropan-2-yl) -6,10,14,16a-tetramethyl-4,5,6,7,8,9,10,11,12,13,14,15,16,16a-tetradecahydrocyclopenta[15] 13-dihydroxy-3a,6,10,14-tetramethyl-3-oxo-3,3a,4,7,8,11,12,13,16,16a-decahydrocyclopenta[15] annulen-1-yl)propyl) carbonate hemisynthesized from 79 for SAR studies
Compound (87) macrocyclic compound 4-bromophenyl ((3aR,5E,7R,10Z,14E,16aS)-2-hydroxy-3-((S)-1-hydroxypropan-2-yl) -6,10,14,16a-tetramethyl-1-oxo-1,3a,4,7,8,9,12,13,16,16a-decahydrocyclopenta[15] annulen-7-yl) carbonate hemisynthesized from 79 for SAR studies
Compound (88) pimarane diterpene (4a'R,4b'R,7'R,10a'S)-methyl 4b'-hydroxy-1',1',7'-trimethyl-10'-oxo-7'-vinyl-2',3',4',4a',4b',5',6',7',10',10a'-decahydro-1'Hspiro[oxirane-2,9'-phenanthrene]-4a'-carboxylate hemisynthesized from 1 for SAR studies
Compound (89) pimarane diterpene (4a'R,4b'R,7'R,10a'S)-methyl 4b'-methoxy-1',1',7'-trimethyl-10'-oxo-7'-vinyl-2',3 ',4',4a',4b',5',6',7',10',10a'- 8,8-trimethyl-3,4,4a,5,6,7,8,8a,9,10-decahydro-2H-9,4b-(epoxymethano) Bis-N-norgliovictin (110) bis(methylthio)piperazine 3-benzyl-6-(hydroxymethyl)-1-methyl-3,6-bis(methylthio)piperazine-2,5-dione
(3S,4R,4aR,6S,6aS,12R,12aS,12bS)-4-(acetoxymethyl)-12-hydroxy-4,6a,12b-trimethyl-11-oxo-9-(pyridin-3-yl)-1,2, 3,4,4a,5,6,6a,11,12,12a,12b-dodecahydrobenzo[f] pyrano [4,3-b] chromene-3,6-diyl diacetate
N. pseudofischeri [65]
Boydines A (112) epipolythiodioxopiperazine (4S,4aS,6aR,11S,11aS,13aR)-4,11-dihydroxy-6a,13a-bis(methylthio)-4,4a,6a,7,11,11a,13a,14-octahydropyrazino[1,2-a:4,5-a'] diindole-6,13-dione
Pseudallescheria boydii
[68]
Boydines B (113) epipolythiodioxopiperazine (2S,3R,4S,E)-(4S,4aS,6aR,11S,11aS,13aR)-11-hydroxy6a,13a-bis(methylthio)-6,13-dioxo-4, 4a,6,6a,7,11,11a,13,13a,14-decahydropyrazino[1,2- a:4,5-a']diindol-4-yl 3-hydroxy-2,4,6-trimethyl-5-oxooct-6-enoate
Boydines C (114) epipolythiodioxopiperazine (2S,3R,4S,E)-(5S,5aS,7aR,12S,12aS,14aR)-12-hydroxy7a,14a-bis(methylthio) -7,14-dioxo-5,5a,7,7a,8,12,12a,14,14a,15-decahydrooxepino[3'',4'':4',5'] pyrrolo [1',2':4,5] pyrazi no[1,2-a]indol-5-yl 3-hydroxy-2,4,6-trimethyl-5-oxooct-6-enoate
Boydines D (115) epipolythiodioxopiperazine (2S,3R,4S,E)-(5S,5aS,7aR,14aR)-12-hydroxy-7a,14a-P. boydii [68] bis(methylthio) -7,14-dioxo-5,5a,7,7a,8,14,14a,15-octahydrooxepino[3'',4'':4',5'] 9α-Hydroxydihydrodesoxybostryc in (119) hydroanthraquinone (2R,3S,4aS,9aS,10R)-2,3,5,8,10-pentahydroxy-6-methoxy-3-methyl-1,3,4,4a,9a,10-hexahydroanthracen-9(2H)-one Nigrospora sp.
[69]
9α-Hydroxyhalorosellinia A (120) hydroanthraquinone (2R,3S,4aR,9aR,10R)-2,3,5,8,9a,10-hexahydroxy-6-methoxy-3-methyl-1,3,4,4a,9a,10-hexahydroanthracen-9(2H)-one Nigrospora sp.
4-Deoxybostrycin (121) hydroanthraquinone (6R,7S)-2-methoxy-7-methyl-5,6,7,8-tetrahydroanthracene-1,4,6,7,9,10-hexaol Nigrospora sp.
Bostrycin (122) anthracene compound (1S,2R,3S)-6-methoxy-3-methyl-1,2,3,4-tetrahydroanthracene-1,2,3,5,8,9,10-heptaol Nigrospora sp.
Austrocortirubin (123) anthraquinone 1,4,6-trihydroxy-2-methoxy-7-methylanthracene-9,10-dione Nigrospora sp.
3,5,8-Trihydroxy-7-methoxy-2-methylanthracene-9,10-dione (124) anthraquinone 1-hydroxy-3-methoxy-6-methylanthracene-9,10-dione Nigrospora sp.
3-Acetoxy-4-deoxybostrycin (125) anthracene compound (2R,3S)-3,5,8,9,10-pentahydroxy-6-methoxy-3-methyl-1,2,3,4-tetrahydroanthracen-2-yl acetate hemisynthesized from 121 for SAR studies antibacterial [69] 3-Acetoxybostrycin (126) anthracene compound (1S,2R,3S)-1,3,5,8,9,10-hexahydroxy-6-methoxy-3-methyl-1,2,3,4-tetrahydroanthracen-2-yl acetate hemisynthesized from 122 for SAR studies [69] 8-Acetoxy-3,5-dihydroxy-7-methoxy-2-methylanthracene-9,10-dione (127) anthraquinone 4,6-dihydroxy-2-methoxy-7-methyl-9,10-dioxo-9,10-dihydroanthracen-1-yl acetate hemisynthesized from 124 for SAR studies [69] 5-Acetoxy-3,8-dihydroxy-7-methoxy-2-methylanthracene-9,10-dione (128) anthraquinone 4,7-dihydroxy-3-methoxy-6-methyl-9,10-dioxo-9,10-dihydroanthracen-1-yl acetate hemisynthesized from 124 for SAR studies [69] 3-Acetoxy-5,8-dihydroxy-7-methoxy-2-methylanthracene-9,10-dione (129) anthraquinone 5,8-dihydroxy-6-methoxy-3-methyl-9,10-dioxo-9,10-dihydroanthracen-2-yl acetate hemisynthesized from 124 for SAR studies [69] 5,8-Diacetoxy-3-hydroxy-7-methoxy-2-methylanthracene-9,10-dione (130) anthraquinone 6-hydroxy-2-methoxy-7-methyl-9,10-dioxo-9,10-dihydroanthracene-1,4-diyl diacetate hemisynthesized from 124 for SAR studies [69] 3,8-Diacetoxy-5-hydroxy-7-methoxy-2-methylanthracene-9,10-dione (131) anthraquinone 4-hydroxy-2-methoxy-7-methyl-9,10-dioxo-9,10-dihydroanthracene-1,6-diyl diacetate hemisynthesized from 124 for SAR studies [69] 3,5-Diacetoxy-8-hydroxy-7-methoxy-2-methylanthracene-9,10-dione (132) anthraquinone 4-hydroxy-3-methoxy-6-methyl-9,10-dioxo-9,10-dihydroanthracene-1,7-diyl diacetate hemisynthesized from 124 for SAR studies [69] 3,5,8-Triacetoxy--7-methoxy-2-methylanthracene-9,10-dione (133) anthraquinone 2-methoxy-7-methyl-9,10-dioxo-9,10-dihydroanthracene-1,4,6-triyl triacetate hemisynthesized from 124 for SAR studies [69] 8-Acetoxyaustrocortirubin (134) hydroanthraquinone 4-hydroxy-2-methoxy-7-methyl-9,10-dioxo-9,10-dihydroanthracen- ,4,7,9-tetrachloro-3,8-dihydroxy-1,6-dipropyl-11H-dibenzo[b,e] trimethyl-10,12-dioxo-2-vinyl-3,4,4a,5,6,7,8,8a,9 ,10-decahydro-2H-9,4b-(epoxymethano)phenanthren-9-yl) carbonate hemisynthesized from 1 for SAR studies
Compound (166) pimarane diterpene (2R,4aR,4bR,8aS,9S,10R)-4a-hydroxy-9,10-dimethoxy-2, 8,8-trimethyl-2-vinyl-3,4,4a,5,6,7,8,8a,9,10-decahydro-2H-9,4b-(epoxymethano) Preaustinoid A (179) meroterpenoids (6aR,7S,9R,11S,12bR)-methyl 9-hydroxy-4,4,6a,9,11,12b-hexamethyl-13-methylene-3,8,10-trioxohexadecahydro-7,11-methanocycloocta[a]naphthalene-7-carboxylate Penicillium sp.
[ [86] [87] [88] [89] Preaustinoid B (180) meroterpenoids (6aR,7S,9R,10S,11bR)-methyl 9-acetyl-9-hydroxy-4,4,6a,10,11b-pentamethyl-12-methylene-3,8-dioxotetradecahydro-1H-7,10-methanocyclohepta[a]naphthalene-7-carboxylate Penicillium sp.
[ [86] [87] [88] [89] Preaustinoid A2 (181) meroterpenoids (7aR,8S,10R,12S,13bR)-methyl 10-hydroxy-5, 5,7a,10,12,13b-hexamethyl-14-methylene-3,9,11-trioxo-3,5,5a,6,7,7a,8,9,10,11,12,13,13a,13b-tetradecahydro-8,12-methanocycloocta[3,4] ,5-tetramethyl-4,7-dimethylene-3,6',12-trioxo-2',3,4,5,6,6a,6',7,9,10-decahydro-1H-spiro[5,11a-(epoxymethano) 7-dimethylene-3,6',12-trioxo-2',3,4,5,6,6a,6',7,9,10-decahydro-1H-spiro[5,11a-(epoxymethano) naphtho [1',8a':3,4] oxeto[2,3-c]furan-8,3'-pyran]-6,10-diyl diacetate Neoaustin (184) meroterpenoids (3S,3aS,3'S,5S,6aR,10aR,10bS)-3a-hydroxy-2',2 ',3,5,10a-pentamethyl-7,11-dimethylene-3,3a,5,6,6a,7,10,10a-octahydro-1H-spiro[5,10b-methanobenzo[3,4] ',3,6,8,11a-hexamethyl-12-methylene-1,4,6'-trioxo-2',3,3a,4,6,6',7,10,11,11a-decahydro-1H-spiro[6,11b-methanobenzo[e] -6,10b,11,11a-tetrahydro-10b-hydroxy-, (3Z,5aS, 10bR,11aR)-
